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TENT RODUCTION 


ee taee TEED FOR EARTHQUAKE PREDICTICN RESEARCH 

Милне шеме academic and socisl attertion has been 
drawn to earthquake prediction, especially in countries 
ара), the United States, China and the Soviet Union 
which have all suffered from very destructive earthquakes 
Gamnugierous occasions. Investigation Into Ghee realm of 
оке prediction in these countries nas brought out 
КО po)ntings to the fact that tne prediction of some 
Eu ueuakes, if noc ail of tnem, will be attainable in 
SE ог езееаб1е future. Of course, all of the permanent 
iemeiswmesetiat aré used to reduce earthquake hazarcs, such 
EN cccercensireering design, improved land use planning, 
EUM raq build ME codes and construetion prac CONES 
will continue to be needed even thougn eartnquaxe 
predictions may eventually become conpletely reliaole. 
Шен репе 1 5 to society from accurate earthquake 
uucduaccloumwill bessuostantiel in the savings of lives 
Sua property. 

ТЕ has been estimated that the knowledge of an 
impending great earthquake a year or more in advance 
воно Безо іп а large reduction in losses. Ine savings 
would result from measures taken to strengthen buildings 
опне: го, Contents, radice fire hazares, increase dan 


tl 


safety, enhance nuclear power plant safety and so on. 

For shorter term predictionsmsucn ас а месе т асап” 
substantial savings of lives woulo result from temporary 
measures such as the evacuation of dangerous buildings 
and the mobilization of emergency forces. (Ref. 1:00 
35-45; 

It is known in many instances that the earthquake 
itself will cause less damage and casualty tnan tne 
events which oecur following the actual ес r c) 
phenomena. Fires and explosions ГЕО то ЕЕ 
gas lines, gasoline storage tanks o Pi r E 
transformers Will contribute to спе Severe 10-5 с: | 
and property: ІТ the utilities such as Yeas “ane 
electricity were to be equipped With sensing devices 
which would ал соата Уи е оши ее Е 
precursory information маз астаса опе УЕ 
potential еагспацасе, гел ас sU осш шы ле 
If the ability to predict an earthquake could be soundly 
established, a more calculated reaction to tne event 
сорта бе (made. Evacuation of endangered areas, or even 
the planned demolition in advance of structures deemec 
unsafe іп the event of a major temblor could ре 
accommo lished Unfortunately, the ability to accurstely 
and reliably predict the Wecet eon ang и сеа E 
forthconing earthquake is unavailable at the present 
tire. 


2 


Grectmexcitement currently exists among seismologists 
риа ог achrevements in theseeffort to predict 
earthquakes. Various physical phenomena precurSerye*bo 
eartünquakes have been reported. Measurable physical 
моста аге now coming under intense scientific 
scrutiny and many appear to be valid. Several scientific 
Predictions have already been successful, although tney 
were for smaller scale earthquakes (же б. 2]. Few 
РЕНО 1565 пой doubt that physical precursors to 
earthquakes ао іп fact exist. However, the ability to de 
СИСТЕ Шеп сшу consistent and uniform enough to permit 
development of a routine and reliable prediction system 


does not exist. 


PEREG EARCH PROJECT BACKGROUND 

This thesis advances the previous research into the 
evidence of radio ан (RF) enissions as a precursor 
рг багепацаке activity. Citizen band and amateur radic 
sors n the Hollister, California area have reported 
an "increase in the background noise level preceding 
eartnquake соу „ас. = пы апа ас the Six апа two 
meter bands. The increase in noise was on the order of 
10 dB and preceeded a quake by 12 to 24 hours. At one 
ou io fifteen minutes prior to an actual earthquake, 
Weise levels returned to normal [Ref. 3:р. 11). The 
appearance of a phencriena known as earthquake ligrts 


ЦБ 


[Вег. 4] and the reception of 18 MHZ radio noise геј. 
51 аге furtner examples of the potential link between RF 
enerey апа toeocournpemneca ватт а пене КҮЗ r 
presentation of measured precursory етелн MEM 
associated theories to explain them are presented later 
IMN UNIS ches s 

The design of a freestanding VHF noise measurement 


and recording system toppredte. бе елд шу m 


location of earthquakes from electromagnetic radiation at 


25 
€ 


Ch 


an active geophysical location along the San поене ~ 
Zone (fault) was initiated in ТОСЕКТЕС сш О 
project of the U: Geclogical Survey Office and the 
Naval Ра ан у Se ool Tne following year tne 
proposed design of a эрасе Басе "sense Come foes T ET 
intensity and location Gite td oa eee oer 
electromagnetic EMISSIONS Was “eometeted апа tice menos 
installation of the noise measurement and recording 
system was made [Ref. 3]. ІС is at this point that the 
endeavors Of Cis ТБ ЕТО о ВР 

The data acquired from the VHF noise measurement 
system was Observed ГОК ОДО О 101567707720 
variations: Seismological data асавігес грош Pare 
Geological Survey Office маз оры Comte cae 
obtained on the сагои ре In order to 
accurately correlate the dats оша ке м ш но 


manually measure tne magnitude of tne VHF signal at 
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прин ве рми пед спе intervals off of the chert recordinzs, 
Кепе these readings into a- -computer for future 
@rapnical display. This process of digmitizing the deta 
every two weeks for the recordings of ten separate 
(мете ено: informétion stored on very lengthy rolls of 
ЕМ гессисег paper is extrese!y tie consuming. An 
example of some of the first data retrieved from the 
G Paper 1s shown in Figure 1.1. Бар EO le PIOCS 
represent two weeks of data for one specific channel. 
ПИ пасџешку six man hours wereeused to obtain these 
srapns. 

тов CO reducing the amount of time required to 
analyze the collected data, as well as obtaining a means 
Siecle this data over а digital satellite link 
ПОШ о sought after by the U.S. Geological Survey 
Office. A monitoring system in the Parkfield, California 
un ШОЛУ О on the phone system Гог the transmission of 
un (lost Vital information uring an actual 


eartnquake. 


ЕСО ОЕ STUDY 

ЕСЕТ to fulfill the need for an accurate and 
m s radio frequency noise measurement and recording 
System for detection on the 30 MHz and 150 MHz bands 
which provides the means for rapid déta acquisition and 
ЕШ СІЗ гс сезјеп of a computer controlled monitoring 
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Collected Data for November/December 1985 


Figure 1.1 


16 


леш 1s Dresenvec. initially the data is stored on 
Magnetic disk to allow for a series of software routines 
кш ао cally display the data: ЕН eco Lien. tne need 
ss rv iVoble remote sensing capability is fulfilled 
ОСИБ design of digital satellite link interface. Tne 
S бе sent from the constructed couputer monitoerinə 
пио a Data Collection Platform Radio Set 


БЕРЕ) for transmission via the Geostationary 


Operational Br j emel басе те (с.о. Е .S)) 


|-!. 


mon pancer to the Command amd Darta Acquisition Station 
ора Station; Virginia. Ine establishment of a 
we ation between increased background RF noise to 


future earthquake fault activity may be accomplished as а 


result of the improved data analysis capability. 


ШІ 


ТІ, ом 


OF EARTHOUAKEmPPEDITIC TO 


из 


ИОС 


Е 


URE 

A successful prediction musc Inc unce (пе соры 
assessment of three elementary factors, панеїу the Lime, 
place and size of the predicted eartrhauake. In order to 
approach this goal, a prediction non Gae sS 
systematically througn the stages smown in Figure 2 


[ 


fe Ia 195]. The size of о йа os rect tan FF 
* e 


E 
(b 


shown in the diagram represent the reiative degrees of 
uncertainty іп the different Тур пе со А 
discussion of tne various res mb Gie pred tour, 
process follows, 
1. Statistical Pedic On 

The first stage of earthquake prediction called 
statistical prediction, 15 based on SE оо 
eartnquakes occur in a sequence with а statistical 
characteristic whieh dces not change икии If the 
Sequence of tne eartbquakes has either a predominant 
period or a probaole correlation го а оп ссе! 
factor, then the future activity шеу се predicted 
Statistica line However, the prediction will invoive a 
considerable degree of uncertainty. This type of broad 
Scale prediction iS Setvdsi ов preliminary work 
such as in long-term planning of optimum monitoring 
systems and disaster prevention work,[Ref. 7:p. 194] 
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e. IEC. ЕР ЕР 

This type of predztetion is primarily соше вана 
with the magnitude, type and other tectonic parameters би 
an earthquake that is likely со осени ао Уес Ут 
[ Ref. (а Поси The accumulation law of 
seismotectonic movenent relates tne amount of accumulseted 
strain and stress across a fault to спе potential fare. 
occurrence of an earthquake. This. type of" pred etu 
will provide a mean lapse time for the seismic cycle, but 
precise time 1пГогта јон 15 по ауа таеке: Л и 
JESUS e 

3. Ра Ре О 

Physical prediction attempts бою рген сы 
determine the three critical factors onm ие рс гч 
size by the recognition of meaningful Seismic precursors 
to major earthquakes. It is an essential requirement 
that a sufficient understanding O: Шер сл лл wen 
earthquakes be availabe and precise том нео па ние 
area in and around an earthquake be made at tne proper 
time. Preseismic ananolies have been noticed in the 
study of many other geophysical phenomena [Ref. 91. Іп 
addiction usq S extraordinary behavior of fis ие 
animals, there is an extensive set olf preocu oE 
experienced at various times and in various regions of 


the world of the гота r GE 
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- land deformation 
- tilt and strain 
- Гсгезһоск 
сине обе опло вбу 
= source mecnanism 
- fauit creep anomaly 
- selsmic wave velocity 
соатест гета 
= mic (earth) currents 
- electromagnetic emissions 
Веи у “Or =the earth 
- radon content 
= Underground water 
- cil flow 
Anin depth aiscussion of the smock wave theory 
EM odio emissions from earthquake fault lines is 
пе i d аз this is the focal point cf the tnesis. Ine 
Опен 20а construction of the computer controllea VHF 
radio noise measurement and recording system is based on 
m сер Of using electromagnetic emissions as г 
Precursor to future earthquake activity. 
4. Quick Alarm 
ШШ эс ес terms this last stage is not really 
Пе стоп, but actually a method of practical disaster 
reduction. This stage relies upon a fully-autonmated 
ПОШ ГОП system which is linked to critical public 
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and/or industrial facilities зо пам E е 
controlled promptly п ап ее еши If tne system 
detects and recognizes an ліпе зетепіс еее 
critical facilities such as toe Uc M x. 
electricity could be secured bel r eji Bo ее 
disturbance 5ЕГ Кес, кет Тірі ШИ 

Practical earthquake prediction may evertualiy 
be accomplisned by analyzing the accumulated predictions 


of each of the four stages. The süecessasful use of aece 


accurately and 


О 


predictions in an огспеоггасса еее е 


reliably predict еагспаца«ев 785 00 е TOE ce о: = 


future. 


В. RADIO FREQUENCY EMISSIONS 

This thesis investigates the potential of using 
electromagnetic emissions in (Пе тай о ггеспепсеу газета 
a precursor to елга кеи ос Си я Radio frequency 
emissions from active earthquake fault lines have been 
reported by radio апагрепгв 10 (е аи Тр салса 
frequencies. Tne emissions are theorized to be caused by 
the increasing mechanical pressure at (пе faulty cause 
sneer stresses that conver вме ото Oe око З 
conductor (or semi-conductor) by r sms m; епегеу сар 
between the valence айо сое ио puris g е 
stress increase, mi¢crofraevures "ause oe UI I MEM 
accelerate the electrons inthe condi О БОЛ E 


== 


radiate both acoustic and electromagnetic energy. If the 
ШЕсиапта! гогсес с еаѕе со the yield point, the rock 
fails in brittle fracture and causes a sudden decrease in 
mecmomeaterorces resulting in electron accelerations 
нар перо Іееретсрег large inereases in radio noise, or in 
the pnenomena known as clear weather ligntning.([Ref. 10: 
se Ii 

Tnesxnitial noise measurement end recording svstem 
И ЕОС песе гесогаес= to amass data, was placed into 
@peravion іп November of 1985 [Ref. 3:p. 67]. Тһе date 
(а сеп @hannels was being colleeted and the chart 
ro Order paper being changed every two weeks as designed. 
On January 26, 1986 a mild earthquake occurred in the 
EC Т Vicinity of the Hollister site. Less than 1 Ка 
away from the detection system a local winery had a large 


БИЕ wine fell from its stand as a result. Analysis 


‘< 


Ки пе сага obtained from che chart recordings for tne 
ще гате Surrounding the incident appears to support 
the observations of the amateur and citizen banc radio 
operators. An increase in the general background noise 
МИРКО Ооо tO rhe Quake occurred, as well as a sharp 
decrease in the level just prior to the quake. Figure 
СЕСИИ тег the radio frequency noise levels for tne 
Мисао Би со ст, 1986 period on botm the 38 MHz and 150 


fore | геаџепсје5. 


E 


RADIO NOISE 25 - 27 JANUARY 1888 
М. HORIZONTAL AMTENMA / 50 MHZ 


RADIO NOISE 25 - 27 JANUARY 1886 
$. HORIZONTAL ANTENNA / 38 MHZ 





Figure 2.2 Collected Data for 25 to 27 January 1986 
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ПА ПОРТО ЕРИ МК 


А. GENERAL BACKGROUND 

IM е еб renent that the currently 
Sestebed Computer controlled VHF noise measurement and 
meecOrciheescystem be capable of having the collected cata 
transmitted over a satellite link, the U.S. Geological 
Survey TOR горю ео „бе пе. ог Ve conmercial 
Tae Whicm utilizes tne Geostationary Operational 
тер сет Satellite Data Collecticn System. 
Commercial UHF satellite transmitters are currently being 
used тони a menotte sensing capability ror Ds ected 
me rronmmental sensors and are compatible with this 
system. (Ref. 11] and (Ref. 28 provide the 
КО оша information Гог interfacing the computer 
controlled VHF noise measurement and recording system to 
ШЕ есгсартісһрей data collection satellite link. Be 
Бе бесошеѕ a remote sensing device, providing ready 
SS 60 the data without traveling to the site to 
retrieve tne data stored on the magnetic disk. Specifics 
ої the actual nardware interfacing of the designed system 
to the satellite link are provided later in the thesis. 
STOVE a workable understanding of the system so 
ШИИБ аге familiar with its overall operation, a 
basic overview of the satellite link is presented [Ref. 
ll:pp. 2-17] and (Ref. 12:рр. 2-91. 
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Tnere are currently two funeticning Geostationary 
Operational Environmental Satellites (G O JE S e G во 
part of a system of ваг:п and@ space Cimilronmemtal sem cnr. 
which provide an almost соп лз осе те ин 
information flow to the ground™basedwucer "svetions. Е 
GOES system is operated anc controlled by the WNational 
environmental "Satellite раса end “internet iconw е 
(МЕЗ ЕСІК The organization wa formerly calik теа 
National Earth Satellite Service (PEDD: IE SD IS EE 
suborganization of the National Oceanic and Atmospneric 
Administration (NOAA) Which is Сего Са DONE TENE 7 
Department GI Correre: The GOES system itslf was a 
result of the comoined efforts ofis ШЫ ап ле ap one 
Aeronautics and Space Administration (NASA) based on the 
experiments with the NASA advanced technology satellites. 

The GOES system consists of several subsystems, one 
of which is the Вафа Collection System (DCS). Tne Data 
Collection System uses tne GOES SPa@eecrare Гог "iie 
relay of data from remotely located pit p o por r 
on the surface of the earth. Of course these remote 
sites must be in radic view о? Б егеу ІР” 
many other uses for "the Сео Е >, DIET SIS 
discussion of these is beyond the scope of this thesis. 

There are two GOD Wa s s s nm s S occ UE 
geosynchronous orbits over the equator st 75 depgmees West 
and 135 degrees West longitudes. thie radive™ yew, ore cue 
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ewe spacecraft is from approximately 0 degrees westwarG 
IGS Gegrees East longitude. There is a limitation of 
the coverage to approximately 77 degrees berth апа осей 
atitudes. Se Cees re he. |. Ice se ог а failure cf 
ӨЕ ГОЛОК дс "Vor "West" satellites just mentioned, 
EI ww. third gecostarionary satellite in а 
HeocsmeMronous orbit halfway between them at 107 degrees 
ELI gs This craft iS also used tomprevent cata 
р они сн о со either satell1tembeing temporarily 


ИО СО 55101 аз а result of an eclipse period. 


Peete GOES DATA COLLECTION SYSTEM 

Ine COES Data Colection System (DOS) is a satellite 
ШЕСІ system Гог the collection of a large variety of 
Saverommerctal data obtained from almost any point in tne 
Western Hemisphere. It is a data relay network composed 
БУ thousands Of individus) data gathering 
КИ он шоп as Data Collection Platforms that each 
transmit the data they have acquired to one of tne GOES 
EE Ио 5. INE Ша” јео then села ува коти сре 
С. to the Command and Раса Acquisition (CDA) 
“ОО ла Аа оп located in Wallops Station, Virginia. 

The transponders carried onboard the GOES spacecreafts 
вета осе Ule ~transmissions from the Data Collection 
Ела сео (ranging rom 401.7 MHz up to 402.1 MHz) via S- 
КОО отока о о ом to the ground receiving station. 
Пеле <= ју, S-pand transmissions from the 
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NESDIS ground station can be relayed through the 
шмасесгатт transponder and converted into a UHF 
Мате G Onn тог dissemination to properly equipped 
d eeivers in radio view of the satellite, 

Tne satellite transponders are capable of supporting 
ЖУСА 235 reply channels. Шеге “aremee0 wemanne 5 
ВЕ ЕС ог use by regional and Gomestic cnannels 
ranging trom 401.7 MHz up to 402.0 MHz, егер with a 1.5 
Ма Саг те separation. йе ло ег 3 omo po ymels are for 
sn c onal use in the 802.0 MHz to 402.1 MHz range. 
Ее ав а 250752 channel separation. Тһе ground system 
низини ес со Supporting ОО channels апа 5000 Data 
СОЛ ес стоп Platforms. 

There are four functional subsystems of the GOES Data 
Collection System. They are as follows: 

“—meeoployea Data Collection Platform Radio Sets 


- East and kest Spacecraft Transponders 


етапе папа Расе AcquiSition Station 
- Central Data and Dissemination Facility 

А brief discussion ој eacb of these is necessary for a 
r ic ins eros tanding' of now the GOES Data Collection 
System operates and subsequently how the designed VHF 
noise measurement and recording system can interface with 
шоа се! |! се link to achieve the remote sensing 
вра гу. faite es 2 shows a block diagram of the 
TT Date Collection Systen. 
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eee oC Ces CLOT) Platform Radio Sets 
Пале шеми: уе different Geyeees “om Data 
U О КОШЕГЕ Ога kadio Sets (DCPRS) which permit 
ПЕ ЙЕСПЕ пОоПез ог System operation. They are as follows: 
- Self-Tirned 
- Self-Timed and Randon Reporting 
- Random Reporting 
ин сеггосатес 
= International Self-Timed 
шоезогірсіоп of each type follows. 
а. osSelf-Timed 
self-Timed DCPRS contain only a transmitter 
and a timing source which is preprogrammed by the user tc 
mei OUTING a specific hour at a specific minute andes at 
Стен о гасе оџег а 24 hour period. Ihe preprogrammed 
ШЕБЕРІ time and rate of the DCPR5 is not at all 
ме "гес "T une" cycle of ‘the sensor attacned tc tne 
pratcform. The sensor cycle refers to the time interval 
or frequency of when the environmental sensor attached 
СЕЕ СУ Попе СВОИ reads its specific date. The data 
ем осе раседа into a memory bUrrer in the DCPRS for 
transmission at the preprogranmed time. For example, a 
Mee oe may nave data transferred to it from an 
СКОГО ШЕП ШО Sensor every tive minuves, but this data 
would be stored temporarily and then transmitted through 
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the GOES Data Collection System only once every three 
NOLES. 
b. Self-Timed and Random Reporting 
бел Ғ-Тіпей апа Random Reporting DCPRS nave 
the same characteristics 45S lle TET IOUS Men cuca 
type, howemer, it also nas the ability (O аз r R 
secondary channel when environmental conditions require 
more frequent reporting than offered under self-timed 
operation. lh this DCPRS the normal sers med шосе сат 
be used under most circumstances, Оши. сае c c е ое 
more immediate data is required, the DCPRS can be 
automatically placed into tne random reporting mode. 
с. "Random Revor tin 
The Random Revortine DCP hee cont apnea 
transmitter which Will broecdeas esata) Pad Om т ЭЛЕ 
is controlled by environmental сопаз скора. Бетпе тойо е 
E Sensor having reached a preassigned thresncld. 
However, the Randoni Reporting DCPRS are also preassigned 
to report at least three times a day in order to assure 
that the DCPRS and the sensor are runet ioningaproperl yi 
а. Interrogated 
Unlike tne other types of DCRR, ше 
Interrogated DCPRS сошва Т Бора ла о а и e Шш S 
receiver. The onboard receiver is preset to either the 
East or West эзрасесгаге DCPRS Mine e Oa eee. 
frequency which enables it to detect its own unique 
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Poentvification or address when transmitted from the 
Command and Data Acquisition (CDA) Station at Wallops 
Ета. If a DCPRS recognizes 1ts own specie] 
посато О Callsign, it is programmed to transmit 
Ро ОО data it has stored since the previous 
mrcertosation. Tne Senedulrng зобов ме плав госасес DCR в 
su yn jar to the Self-Timed DCPRS, except that the 
ЕЕ се stored at the Command and Data Acquisition 
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Е р instead of within the DCPRS themselves. Tre 
ОО  оаст оп от the DCPES may occur st Intervals as 
Small as 5 minutes or as large as once every 24 nours. 
NIE ТОП, Some “or the interrogated DCPRS have а 
secondary alert channel which will send an alert signal 
meee own telling it to interrogate because а 
preassignec threshold has been reached. 

e. International Self-Timed 

The International Self-Timed is identical co 
the domestic Self-Timed except for the range over which 
the UHF transmitters may transmit. 
с ка ошаши ес. Spacecraft lranspenders 

The next subsysten of the GOES Data Collection 
System to be discussed is the set of transponders абоага 
ane East and kest spacecraft. The GOES "East" spacecraft 
о = сеа зе 75 degrees West and the GOES "West" 
Басси е al 150 degrees West. БӘС the" craft" dare 


c jo ог handling the 233 channels allocavead for the 


EID 


system (200 сомезбіс ана 3) осе ла сикон не Номеуег, 
extra channel bandwidth is provided for all ormie 
domestic channels by assigning the odd numbered cnanneis 
to the East spacecraft сгапзропочег ап (ле сусе ше 
to the West Ssoeceecreft гс ondon: Bsa result, a D 
КЕН2 guard bardwidth is achni ec есы стали 
channels. A furtner organization Of еш лае :- сше 
by the assignment of certain робовске ко ае ЕЕЕ 
spacecraft to specific types of ВЕР see Figure 3.3 
for a comparison of the оссо етеп ое Тас инеге 
The international channels are assigmed 0 оого спе East 
and the West spacecraft at all times. 

The Command and Data Acquisition Station sends 
out command and interrogate signals to the appropriate 
spacecraft transponder at an S-band frequency that is 
transformed Turo LEE HE Baek “Space eC hada 
transponder sends Olt а ат бегеп сиси еаоепсуи с е 
Data Collection Platform Radia =e a The assigned 
frequency for the East is 468.8375 MHz and the assigned 
West frequency is 468.825 MHz. The response signals sent 
up from the Interrogated DCPRS and the self-transmitted 
signals fron the Self-Timed and the Random Reporting 
DCPRS are sent up at UHF frequencies. The signals are 
then translated by the satellite transponders to S-band 
anc then retransmitted "to the опао ME i 
Acquisition Co Cion: 
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3. Gonnandwand расе До дане оды э О CDA 

The messages ere received from either one of tne 
Spacecraft via their S-band transmissions into tne CDA. 
The received Data Collection Plattormmiacio Ser певане 
are ther routed го the Data Acquis n саара Monitoring 
Subsystem (DAMS) units which will demodulate tne data auc 
perform signal quality measurements. å- typical Da 
message containing the DAMS quality inforniation is Shown 
in Figure 3.4. Ine data informations inen transierrod 
from the CDA to the Central Data PADI sseni N i ои 
Facility over high speed dedicz2zte dm m Ore e Orra 
dissemination. As mentioned previously, the CDA computer 
contains спе schedule files for the Self леа апо 
Interrogated types of DCPRS. 

4. Centrale Data апа різзентпо с юнивмаєнь яму 

The: Central Data ald Бозе ПЕТЕ ЗСУ 
(CDDF) is located in the World Weather Building at Camp 
oprings ап 1 There are two identicial computers 
there. One of them is on-line at all times, while the 
other is used for statistical anc sys The incorning 
nessages from the Command and Darta Ое стоп ыша ш 
are then routed to the users Cor Unc, me via (ама је 
along with any pertinent error information detected 


during the processing of tbe message. 
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Figure 3.4 
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С. DIG&TAL SATECL Ie CINK INTER NEN 

The designed computer controlleq™ Veo 
measurement and recording System 15 Capable Of me ere 
oinary data out Of an К52352 роге ва Serial chu 
with a numoer of software programmable varidtions or bee 
data bit stream, А Gdetailec™= analysis Of mov moc s 
can forward the acquired data сое buffer шта 22 
Collection Platform Radio Set ~:1.! се рремер оса гесе 


this thesis. 
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ШОО DESCRIPTION OF ЕЕ АЕСН 


A. DESIGN OVERVIEW 

ЕЕ, мов ге топ апа duplenegptation of the 
готоссек eontrolled radio frequency (RF) noise 
Teemu CMewuetas recording systen was accomplished by 
лел e previ ous research into precursory 
Merona ш те activity associ ated with earthquakes 
БЕ Ref. 6]. The location of the installed 
monitoring system is three miles east of San Juan 
Betista, California and seven miles south of Hollister. 
ШЕЛ 51565 715 located within the Hollister Hills State 
Vehicular Recreation Area (upper ranch), directly south 
ОГ ne MX track. Race sic Iscemosen imMmp»revious 
Pesearch projects because it 1s historically an active 
Поа оте Ir addition, the location 15 гегосе enougn to 
be considered a rural area with respect to man-made radio 
позе. Figure 8,1 refers. пае cese locationis ore 
Иоса Гее еп" the San Andreas fault ас 121 degrees 
and 23.5 minutes West longitude and 36 degrees 45.5 
menaves Horth latitude. Figures 4.2 and 4.3 provide a 
detailed teas Of locating the site. 

ПНО ШЕ pi (Tonie Бре ез involvec khe 
ООО ООЛ ЛОО eof efforts in both hardware and software 
Че5ісп to accomplish the established goals of obtaining 
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Figure 4.1 Median Man-Made Radio Noise Power 
Expectations 
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"recording and analysis system, as well as the 
КЫ са Satellite link. Fi Ore n5 prou idge su a block 
G@tagran of the hardware system and a flow chart of the 
Setuwaresusea on the Navel Postgraduate School IEM 3033 
КОЛО ег сопргочаве sraphical display of the data stored 
195.25 inch magnetic disks. The two frequencies being 
memmcored (36.45 MEZ and 150.75 MHz) have a bandwidth of 
БОО КОПТ. Тпеу nave been established as receive only 
пез to allow the Neval Postgraduate Schocl to 
ШЕЕ сасе the short and long term variations of 
backround noise (noise floor). The Army Frequency 
Coordinator for tne Western United States will continue 
these assignments on a yearly basis. 

The antenna structure consists of two twenty foot 
Powers and ten antennas. Each tower has five antennas 
еа оп it. Eight yagi antenna receive the 
Merizorncally and vertically polarized signals of the two 
Mee quency ranges. ОПЛ еа Tor each of the 
frequencies are vertically mounted. See Figure 4.5 for a 
ШЕ СГ the specific channel assignments. Tne signals 
received by each of the antenna are individualiy cabled 
to ten modular amplitude modulation (AM) receivers. 

Once the receiver has processed a signal, a voltage 
ШІСІ соггесоопділг to the strength of this incoming 
Кан ш Cbtained from the "3S" meter output. ES 
OI DI L voltage level т< сеп БО ап INLE ace anplifier 
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Figure 4.4 Design Overview Diagram 
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where it is amplified to a range of zero 0 тусе та” 
corresponding to the minimum and nax imum received m a ню. 
Of interest; Tre pee no M The zero to five volt o 
signal is then quantized бу an 09-616 analog to digital 
Converters Те даса is stored "nean ASCI того 
magnetic disk. Tne data is aliso зелшресіс 522392 POr p 
a buffer on а Self-Timed Data Collection Platform Radio 
Set (D.C.P.R.5.) for later transmisitemmover а засе се 
link, as well as to a data monitor FOG Viel disp ran mon 
the sampled signal level data. COMtror ot this process 
is obtained from a program stceor пи an or ME 
programmable read only memory (EPROM) chip on the single 
board Seo ETE Power for the system is obtained from 
elthercan AC Or bc e os ЕЕ 

Data analysis із ассобопріззпей В plottinege tche dari 
stored on magnetio disk by using the 181 3055 пеемогк әш 
the Naval Postgraduate School. Ihe Ea is stored in а 
very compact manner ontoro гог атеш Кк, however, ве 
disk must bere rroo ч a а шомыл апа а the Wome 
inserted. At this point the series of software progranis 
illustrated in Figure 4.4 are performed to process time 
data. The raw a is {first rediran ed into a PCO PI ШШЩЕ 
format. The PCDOS file is then transferred to the mein 
Ғгапе using an established microcomputer link. Тһе даса 
ls arranged Тао а Se€quenttal 1ormave oe, ene HEC NUES ES 
In the final stage of the processing спеже ари: са! plot 
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memoovained, ihe-conplete process for obtaining a 
mearmrveahe representation of thirty days of Signal level 
information for ten separate channels has been reduced to 
mers, аз Opposed to days or even weeks of effort 
Maur edi priore inplementatilon of this system. The 
Ое е ans easily and rapidly correlated to any 
additional eartnquake related data provided by the 


Шесісеіса! Survey Office in Menlo Park, California. 


Б, oOLSTEM HARDWARE DESIGN AND OPERATION 

The Glock diagrém cf the hardware components of the 
(аи стоп сто Теа ве noise measurement and recording 
Ш (5 presented again in greater detail in Figure 
UTOS (Ое апа Ус of each of the indivicual 
Subsystems 1S presented. 

1. Recejvers 

БП СІ the HaMmeronics Vir @eenverter modules 
Се о пр теоннљо апр ту and convert a Specific frequency 
to the HF ranse. Schematic diagrams of the 38.45 MHz and 
Ene 50.75 Maz converters are shown in Figure 4.7 and 
Figure 4.8. respectively. Each one of the converters 
nave 10.7 MHz intermediate frequency (IF) transformers 
Ее шыхег output Circuits. The mixer output circuits 
плеше wuescconsist of a slug tuned coil, capacitive 
oI. dividersmandwan RCA jack to provide a 50 ohm 
mU. 
47 


5911 Па МУ 
3205431 № 


WALSAS NOLLOITIOD WLIVG GalVWOLW 
350% ОЮ ЗУУПОНІУУЗ ЗаА101088 


593015934 
JHA 





ЕТ 
а 
(ZHN SOG 


| 


(МИК 


ДР me 


System Hardware Block Diagram 


Figure 4.6 
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ПОС РРО Ви Пр e a TS SENC rom the 
Мене WOdULe to tne IP/Audio module showm in Figure 
4.9. The IF/Audio assenbly is a highly sensitive and 
ccpive P"-smpliier, AM detecgor."audio amplifier snd 
r = зет үптеп is used Мо conjunction with the 
converter to create a VHF communications receiver. Tne 
Е Паш 15 then mixed with сре 10.2945 He oscillator 
frequency and then down-shifted to H55 KHz. This signal 
сел атр і вз еа тапа detected. Ehe "5" meter output to 
nucesnrerrface amplifjer is obtained from an integral log 
G ec cor, 

ле сејес и су об 66:25 unit (plus ог minus 10 
ИЯ ас -СбСаОВ and plus or minus 25 KHz at -60 dB) will 
ПР 2 Е5 use as a noise floor measureuent system. Ай 
шта ру coupled three stage IF filter provides the 
МИ ем су ага:из« adjacent channel interference. The 
ПОЛЕ з айпсошаес с Ка? п Control (AGC) for both IF and 
HE rh the RF MBs being де1гуес for best response. 
Each receiver is installed in its own individual aluminum 
meee ro. prevent the, detrimental effects of 
electromagnetic inteference (EMI). 

= а Босе касе nampywiJers 
Поет ри fron оте integral log 
ИР О іп Пе receiver is sent directly to the 
interface amplifier assembly spont reer ie Ure Hp" 
Previously the "S" meter output and a tre pulse from a 
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Figure 4.10 Interface Amplifier 
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timer assembly were integrated into one signal (Ref. ЗИ 
р. 581. Observation of the data founc the design to ce 
sensitive to temperature and subject tomcat e 
variations in output levele оте сол о о у E 
great deal of simplification has pesulcuved by ut lioo KD 
the computer as the timing andmeantro! qo The 
interface amplifier uses LM747 series general purpcse 
dual operational amplifiers. As a result, no frequency 
compensation is required and there is an inherent 
balanced of пита и. The "S" cer output СЕ ЈЕ 
receiver iS amplified by спе first steve об пром: зно 
to a positive voltage usinge a Unic Рао іш ЕЕ шш 
State. 

Previous data monitemimn indicates that tie 
received impute signals fell jn to се о: гегс со ей 
MicTO Gis Amplification ог ESE “signals COT 
millivolt range is ana А а ише “St meter output aa 
the receivers. The signal VTseeemen eanpiifred to Cii 
required range of. zero to ке 5 by спе interia T 
amplifier assembdiy, correspondiong to the required прије 
range of the analog со біуаса! ОШ Г, Figure 2 
provides a fraphical р O I RR b ЖОШ АЕ Sisi UON 
receiver versus сһе соггесрои ои los ctos) MEM 


converter min y 
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RCVR INPUT VS A/D CONV INPUT 


001 ов ов ол 09 05 0% OF 02 от оо 
(SIIOAOHOIN) LLAdNI H3AISOSH 


РЕШО ЊЕ Graphü-ol Receiver Input vs 
A/D Converter Input 
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A/D CONVERTER INPUT (VOLTS) 


3. Analon Torpe Y aD ер 


Quantizing of the Zero toe five Volt бле ас 
from tne interface amplifier assemsly is accomplished by 
ап 8-016 analog to digital converter. The [опао пи | 
S-bit A/D converter with the associated address decoder 
and Taco m circuitry аге 1ссагеа on Cnem ese 
ОЕМ188 multifunction board shown іп Figure ја. “aie 
board has been jumpered to allow single-ended analog 
inputs. Port 5 (PS) on tne потеет ой" Бога со 
allow for up to 16 channels of single-ended analog input. 
(P5) is set: Up аз дона пре 

The multifunction card Was ae cus суие М 
allow for direct connection CO Lhe microproces sor spo ни 
The bus interface has a wait-state generator to induce a 
1.2 microsecond hold state to 5 гаво ве сие bu p nur 
input “and “Output DIO се The wait-state generator 
will slow down the microprocessor to allow for UNE 
operation of slow input/ocuttut devrees suen as tne Ye 
converter. The bus is configured as a 60 conductor, dual 
row header that is designated Pore | CrP) Jon ae 
ШОЕ БИОС СП СЫ The header is connected via ribbon 
cable to the expansion DUS OO EO GS Ee Во ве 
conpüter itse Tk 

4. Computer 

The Vesta OEM188 single board computer using an 

Intel 900190 “%:сгоргосевзог шіп o p m c ЕТ ina 
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Figure 4.12 


ТЕЕ Т 


HULTIFUNCTION CARD PORT 5 ОРЕ и 
(A/D CONVERTER TT AI D 


Pill NUMBER FUNCTION ASSIGNMENT 





22 Analog (+) 0 Gmannexy же TUL 
21 Analog (+) 1 Channel 2 Input 
| 26 Analog (+) 2 Channel 3 Input 
16 Analog (+) 3 Channel 4 Input 
2 Analog (+) 4 CENE SSDS -Input 
18 Analog (+) 5 Chou uou 
2S Analog (+) 6 Сатен рее 
20 Analog (+) 7 Спашшешне . 1прше 
9 Analog (+) 8 Cnannel 9 Input 
11 Analog (+) 9 Charmel 10 аршы 
13 Analog (+) 10 Unassigned 
19 Analog (+) 11 Unassigned 
15 Analog (+) 12 Unassigned 
2! Analog pi. Unassigned 
ү Analog (+) 14 Unassigned 
í Ana OCE eS Unassigned 
8 Ground Ground 
10 + 5 DC + 5 DC 
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provides a maximum level of control with minimal size 
eee tome mw ite cornbrol Program for the microprocessor 
ЕЕ ог an EPROM allowing the disk drives 
nanc tre Computer to bel used solely for data 
storage. Both the operating system basic input/output 
system (BIOS) and higher level language coripiler (BASIC) 
О с гогеа in ROM directly on tke board. The 
computer has a battery-bdacked real time clock (National 
Semiconductor MM58274) mounted on it, as well as a WD1770 
а Controller which will support up to four 5.25 
лено 15 drives. Пит ааа о о SM ETON тровгагтег 15 
Шеге Іп socket 031 оп (пе board to allow for direct 
ЕЕЕ. Of Drosrams written on the computer in BASIC. A 
poen шо of the computer iS provided in Figure 4.13. 

F f егш та Connector locereqd at Fort з (P3) is 
КЕ СОП О Ог уе а high speed full duplex CRT terminal. 
ijeseis tne primary means of operator communications with 
рпа сопрцсег. The three pins ОП WEN", Connection and 
their corresponding functions are described in Table Il. 
Communications take place over ап RS-232 line at a rate 
БӘЛЕ вес U, ene configummelon switch located on the 
ШІ Те board computer itself. Tren ym tion of this 
өшірген, 5 ішоітоіс. Цане се парно о E TE SYSTEM WIE 
miernacion concerning the extent of low memory. The 
switch also determines the baud rate at which tne CRT 


serial channel will communicate. Table III provides the 
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Figure 4.13 Schematic Diagram of OEM188 Computer 
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Swen SETTINGS 


C РОТ 3 (РЗ) 
CTE REINA СОШ ТОК) 


РТН NUMBER 
1 
2 
3 


TABLE 


ЗАВ, 


GND, 


RXD, 


dais ieee Cd ats 


signal common 


Г 


РЕН 


ASSIGNMENTS 


{roi 


сопи сес 


received data from terminal 


TASC ТГ 


OFM168 CONFIGURATION SWITCH SETTINGS 


А 


Х 


Х 


Х 


Х 


А 


FUNCTION 


< 64K Onboard low frequency 


» 128K Onboard low memory 


150 


1200 
2400 
4800 
9600 


19200 


BAUD 


BAUD 


BAUD 


BAUD 


BAUD 


BAUD 


BAUD 


BAUD 
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correct settings (Or tls о аи Switch positions are 
snown from left te right conrgeasoncing) (Oo: мн знос мн! 
to H ( O = closed, І - оре Ме соге сг 
incorporates only 16k of cnboarc low memory. The present 
configuration switch setting is Cele) O nr o K 
terminal interfacing at 2 9600 baud rate. 

The power -connector located otpori 1779205 
supplies the system with +5 VDC Sr s jp DC. Ро ОИ 
is connected to +5 VDC апа ріп 3 comp сеа со ЕГО p 
Тпе 812 VDC connection 15 not сеси ЕЕ As stated 
previously, UD vo four 5.25 nemo ере собе Қар 
be used. In the present arrangement, Port 7 (PT) has 
been connected to tywo Gisk drives via EUC COn r DH 
cable in a вау с: Power is supplied to the disk 
drives separately from the system's power supply. 

Auxiliary .&#S-232 serial Боса“ (Fo) wen yume 
computer board is used to transmit Cienco ected dataro 
the Date Collection Platitorm қапа Se оос тесте 
transmission over the satellite каста тагам Ен 
The information із 5606 О port са а 501085 
programmable format. Table IV describes tne fin 
assignments and thelr "fume vrei 

5. Disk Drives 

Two Teac model ЕР-55В half-height double-sided 
double-density disk drives are installed ir. the system. 
The data disk is installed Исе "А" отче ть ЕЕ Е 
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TA bur mw 


ООШ U52252 SERIAL PORT 4 (PE) PIN- ASSIGNMENTS 


PIN HUMBER FUNCTION 


transmi ccedna irom conputer 


Signai comton 


received date 


ready to send 


clear to send 
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the digitized signal levels of all ten channe бше о 
sampling interval. The "ЕВ" drive was Used Іп R иоле 
design of tne computer соп оте! оре палио MT 
alternated witn the current ТАП gp ve Pob dates C 
Both drives have been sealed in a dust, insect апо сии 
proof plexiglass container to prevent any possible сатана 
3 moving parts, tne writing Вһеайс, ог спе пассат 
йезе уе k 

Fach drive has a power requirement of + 12 VDC at 
0.9 апр max and + 5 VDC at 0.6 amp max. Typical power 
consumption while in operation is 5 6-е ас рим 
idle 2.6 watts. The units are extremely reliable, with 
an Open a pane PUE range of 4 degrees to 46 degrees 
centigrade and а relative humidity operating G n es 
20% to: 00s Ово нене в» 

6. “Pewer Sun Е 

Tne system has been designed to operate usirg 
either 60 Hz, 115 volt АС pour ов је о: с ос ин 
Figure 4.14 shows the block diagram of the power supply 
суз шеш When AC power is ауа арте, the 5 - еи 
designed to supply botn plus апа minus l2 volts: Е 
plus five volts DC. The battery chargers will maintainwa 
constent charge оп thew ia volt DC batteries une E 
power iS lost. At that time, the Datteries 


instantaneously begin toprovice вне ү ЕЕ 
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Power Supply System 


Figure 4.14 
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required voltages. The бБабсрегте ти Раван ни mm е 
system in full operation for approxine ce y e n, 


tem were forced to operate witüout AC 


tn 


Even if the sy 
power for a period of time sufiltelent ероцел сона Ds T 
power batteries, the small nicke?-eSumsum осассегу оп 525 
computer board will provide power со спе Шо co cs 
for up to a week. Although data Storage capability will 
be lost during this time, спе au Cem crc колы 
computer will reactivate tne control program immediately 
Once ACT power “sees oa, 
он вена се- бон ас INS 

Two 25 pin male D-type connectors are instailed 
on the front of спе system enclosure te Urey a m s й 
data output to the external peripherals: Out pun TP on 
number 1 is wired to tne terminal connector Port 3 (P3) 
of ЕО еЗ ВЕЕ. The pir connections emus e 
corresponding functions are атат in ТОЛ, Tne 
baud rate at which the Veommunicatvteng юг dataris scnt cum 
of output port 1 15 вес 0у tie ое зыт сс om 
спе сөр е Table III provides the available options 
and correct settings о сези шы Ек Tnessu ren и 
presently set to 0-1-1-0 to accommodate full duplex 
terminal interactions at a 9600 baud rate. 

Data output port поре 15 соплес еш ы 
auxiliary RS-232 port 4 (P4) on the computer. At the 
біте ОТ еае саш оа тазе ка the ог аши) ече] сага 15 
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ВОС Of chis port in a serial fommat to the Date 
ес пок РтабГогтл Radio Set buffer. Tne data is stored 
Петог, Until it is transmitte@d over tre 102 HEZ? 


lie Cnegnet at. che predetermined intervali. Taole 


دم 


Sate 


EE CSE е соле әп ассірпмепсв апс -Рпежг functions. 


"9 


ШШ SciuWeare G2sizgn seetàor describes in detail tne 
EDc)ODS Svariaole ir formatting спе datae output. Te 


dora 15 ргезегсіу безас sent out аб г rate of 110 baud 
ПЕвмОЦМЕРО Eort 2 to the D.C.Pak.S. buffer as timing is 
мәс ас аі! сгьсіса!1, The baud rate can ре increased to 


as niga as 9600 baud if necessary. 


CE ӨШСЕ Or WAKE DESIGN AND OPERATION 


ОЕ оноо гет ог ове software progrems used to 


са 


т^ 


ри 0осе55 the recordec data cf the RF noise measurement 


{-2. 


4 


ово ниві З presen-ec agal:n in Figure 8,15, A description 
в ие ОГ the gates processing 15 presentec. 
ПРИ О ен те. сош 

ИСРОИЛ ро ву се. соп is 5вогев in the model 
СПОР ЕРКО located on the Vesta OEMA88 single board 
ао поше г. Со гоо: ЕЕ елеш е Sve ren. 1S. Marnteineac by 
өніс program. Appendix A conta Wê a copywet Dagitize.com 
written in the nigner level language BASIC. The computer 
Sep es thiemten=anebog=eonput signadbebevedsesent from tne 


п 


Ecce amplifier essenmblies with ап 8-Ы1% А/р 


* 


Bemvereer дао а сгесігіс tice Interval. ine digitized 
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БЕЗІП 16/21 даса 15 tien stored on magnetic disk. Іп 
Оооо, the data is sert to two external peripheral 
devices. hime ve "s' senu “toma pata COolleee:on Platform 
Ес CULTeEr for eventual transmission over the 
pecus Жапа ll is sent ott to a morilor for visual 
О ог Ene sampled signa! levels. 

The primary decision in tne development of the 
Peer or Viegltize.com is the duration of the sampling 
m 


Manrtervsas] used. Were ware Dever actors nN en mustine 


Оп Orcer Со махе the decision. The first is to 
enat enough Samples are taken to accurately 

mepresenct tne signal levels. The desired outcome is to 
није long term variations in the background noise 
levels of the two VHF frequencies of interest, therefore 
Eeceseinpling may be Spaced at intervals far enough apart 
КОО Оле ап о шга! trend, пос necessarily азу б 
Mieanwaneous ifluctuscion. Ine second factor involved in 
ито The sampling interval is available даса 
storage space. Since there are 256 quantization steps for 
ап 8-bit system, the analog signals are digitized and 
then represented at each sampling by a three digit number 
(100 to 355). For convenience in processing the data at 
Сп «пе “Пе data is stored in ASCII format, 
пси 5 DYtes of. information for each sample of eacn 
ии level. With ten channels to be sampled at each 


interval this becomes; 
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3 bytes x 10 samples = 30 bytes/sample 


The limiting factcr is the storace space availa TE a 


magnetic ЕСОН С A double-sided double-density 
floppy has 50 tracks on it for use. There are 9 sectors 


per track and 512 bytes per seekor, Іше first Бра 


any disk cannot be used bDeesuse 16 Contains !:огшаш sm 


information.  Soiving for the availabie storage space: 


60 trks x 9 sec/trk x 512 бубез/зес = 512 = соз p p ass 


If а two byte time stamp is added to the end of еаса 


sample to serve as a Sampling period spacer tnere will De 


32 bytes used at each interval. In this way tne sectors 


will be evenly filled witn 16 samples: 


30 bytes/sanple + 2 bytes/sanple = 32 bytes/saniple 


512 bytes/sector / 32 bytes/sample = 16 sampies/sector 


Solving for the number of sectors available on a disk: 


368,128 bytes / 512 bytes/sector = 719 sectors 


The number of 32 byte samples which can be taken is: 


TO 


365,128 оусев / 32 bytes/sample = 11504 samples 
Sima eemnaclively soiving for this @mantity: 
Е х 10 sanples/sector = 11504 sanples 


Шеста Gecision to have a five minute sanpling 
interval is a compromise between the amount of available 
Оде stOmase Space and the desired dezree of accuracy. 
Tnis interval accurately represents the expected cverall 
Ре CS O! tne backsround noise levels and allews tre 
O] losas quantity of time for déta storége:: 


bene samole x hr/60 min x day/2H hrs z 288 sanples/day 
ІЛЕ samples / 285 samples/day = 39.94 days of space 


вс а: code to store the data in a specific 
ШОП міспіп а specific sector based on the actuel 
Пеш оте о: tne sampling period nas been devised to 
create a sequential E s s КК, for tne data. Because 
G где сате limit for storing the data on a disk is 
ШІСІ 50 the same time of the заме day of the month 
ПИ о се insertion of the data disk or 31 days, 
ШЕСПӘЛЕг” 15 16а425%. 

All| SE taei sectors со be written to on the disk are 
accessea sequentially. Боа се а е о ел сес ог апа 
ШЕСЕ Стя сте seetor to whien an absolute disk 


qi 


write operation is completed, the following calculations 
2 MUS 
| = ватре теле оке 


N = 12 * hour = minutes/5 = catetece 


» = SEC COR nuh eer 
S y S 
Р з data polnter го а spec iie location 10 СТЕ и 


Р = МОр(М,16) % 32 

The date, as well as the time in Bours and ISOLE 
are ootained from the clock chip and the calculations are 
made for tne write operaticn followings each samoling 
Jeu M AS a result, there 15 по overwriting ӘР паса 
for a month. Only ор со з лам бр ко da POE M ЕР | 
sampled signal levels can be stored on a disk. IC MUSE 
then be renoved “from tre Nol ECE ес атлы TS 
drive and a new blank fornetted disk (using PCDOS 2.1 ог 
later format) inserted to collect snother mopth of dat3s 
It is important to note that “tie 52 руге ав = ен е5 ае 
stored on the disks by an apsclcce Nc The data is 
not in a file structure cpm Uc DENM Nc nuc GC: CDI 
on a computer at tals wer ice lt is not until the nre 
step in the data processing ассо р Speg thar th се 


can be observed by the user. 


2. расава 


The program Datacopy.con as shown in Appendix 8 


is the second stage of (Пе даса ргосезе пр RB S и 


T2 


ШОП in Figure 4.15. The program is written using 
Со Tee aomalnm’ Version of the higher level langueéege 
mere ana 15 stored on an IBN PCDOS 2.1 format disk as 


p Mes The FORTH language was found to oe 


++ 


ес ced 
Ше спре апа quieckest means of accomplisring t 
шо5іреєб outcome. МС Sterea on the sane disk 1S ап 
Empey Cata ilie callec Acquired.aat whicn will eventually 
Score ali of tne data acquired on the data disk by the RF 
Ши e recording system. The purpose of the program 

TCO сом 15 tO perform an absolute read operation on 


ч = 


~ 
- 
d 
Ф. tm 


6s 205 


rh 


сї 


а соо сору спе даса in 


|. 


әде саса d 
ис са с. Onee vie cata 1S in the DOS format file it 
is readily available to tne user. 
The transfer operation must be accomplished on 
РТС опа! Cenputer with two disk drives oooted witn 
САО of version ОЗА а” eter, По вергогри (пе data 
лег the rollowing steps must be accomplisted: 
a. i Eee disk wuitn the two 


D 
ze cocusred.dat on Iit into ај 
o ihe COL PULEeT. 


е5 Е асасову cot 
а ме" ДА 


Ü. Ране Gate disk retrieved fron the noise 
recording system woth un to a month of data 
(ПНЕ nee C isk crive “B= of the IBM computer. 
Qu Прве и гпе сотпапа "Басасору Асантгесовас" at 
Пере ГОС. Ine progran will dimect tne 
K r rom this poilnt. 
Data is transferred from the data disk in 1K 
ЕЕ ОШООО tne program continuously indicates now many 


ИРЕ dace have been transferred into the file 


TS 


Acquired.dat. The transfer can бе 5 соерреа ара ео 
pressing any key. If a key is pressed the user wili be 
left in the FORTH environment. To return јео. 205, ен 
the command PESCE То transfer 2 сопр:ете попоп ог data 
(279K) takes po M NI Once the operation is 
completed and tne program Nas Stopped transi Grr ine 5 
ЕТО pp lp ЕЕ The entire contents qc pan 
file Acquired.dat can бе observed оу entering оле бош ис 
"type Aecquired.dat". Tne data is now stored in а 52 
rile format and tne user 15 геаау Uo proceec ісе 
next step of the Geta n roo sS o nm 


35 





To allow for greater versatility and storage 
capability, the DOS file AcaulredJaat created p 
Datacopy.com is sent to tne IBM 3033 host computer using 
the 3270 terminal mode file transfer tecnnique. The 3270 
terminal node file transfer 15 а ше оо о mU I 
tnat can only ve used when tne PC is operating as a 3276€ 
model 2 display terminal and is cO@mmected to an IBM сок 
computer running either SIM3278/VM or SIM3278/VTAM [Ref. 
р: 8-7]. To perform a 3270 terminal mode file 
transfer the IBM PC to ве пзей ппен ретеолпессес а 
eitner SIM3278/VM or SIM3278/VTAM on the host computer. 
A number of IBM personal conputers ера бр = E ет 
are located at the Naval Postgraduate TTS Reference 
13 provides complete documentation on the file transfer | 


process. 
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ШІП а сетпіпа) meeting the required 
Бо: (са јол5 спе command “send Acquired.dat Acquired 


ва ДТ (ASCII crlf™ is entered. The disk with tne file 


| 2. 
ij 


аиса dat Containing che signal level date must be 


03 


meres FC disk drive. rire eevee trie ООУР а РО 


CA 


Nunc euo со" собе users “AW disk irto a file cesSignatec 
EEUU Acquired Data. The data will be sent 
Ета со tne file in tne order of the days of tne 
Home, 1.е., from the бабе 01 to the dete 21. If durin 
ШЕ ОТ tniese days there was no data collected, tne file 
иво Бави at tnat point. 
Tx опт егт Fortran 

Шо спе cornpletjon of tne microcomputer to nost 
ООШ ОШ ЕГ Tile transfer, the next step in the processing 
БРИ Ра” 5 to rearrange or "convert" the data іп tne 
M s Mucocvec caequired data file invo a more convenient 
laut. tue program Convert Fortran 25 shown in Appendix 
Ми ое лес to accomplish this. DuC Gime deta iS 
ОО МШШ Л е OY this program it can boe used as a hardcopy 
ЧЧ ола record of the signal level data. The new 
iuste Ill-also allow for plotving ot the data using 
ВЕРЬ (Display Integrated Scftware System and Plctting 
Language). 

те нон: data transferred to the main frame 
оте oUr ed Data is approximeteiy 3900 Lines in length. 
Tue 30 enaracter segments of cata (10 channels of data 


T9 


with 3 digit characters sus шы represent each signal 
level, і.е., 100 to 355) are written consecutively into 
the 80 character per line file. гаси 30 ое лес 7. 
segment is separated бу а two character зрасег (00, 01, 
02003, спо. The prozram Сбөпуегс Бои 
read the 30 character segments one at a time cut oF tpe 
Acquired Data file, assign a Seqüuerci als oro 
write them to the new file. The following steps MUSE be 
followed to accomplish the rearrangement; 


a. Change the FN FT of Acquired Data ipto и ас 
FTO8FO01 and save this newly nemed file. 


b. Ensure that the variable named ISTART in the 
program Convert Fortran is ST Then Ee GOTE 
numerical value. ISTART is determined by the 
amount of data characters from tne last 30 
character segment in сле = осети oU о с и пе аа 
file Acquired Data which have not overflowed with 
the rest of the segment onto the next line. An 
example is presented in tne system performance 
Section ої спізшенив 51158 


с. Run the ргосгат Сопуегг fortran andecac 
the rearranged dataiile Бу ое 
following sequence of commands ar the 
appropriate Limes: 


- "Fortvs Convert" 
- "Цесога оп" 
- "Load Convert cem T 
= "Record scum 

ar Temporarily store tnis new sequentially arranged 
data in any FN FI. Delete any extraneous entries 
from the file so that only tie O 0 o ura 
numbering and аас rena nse K a. 

е. Erase the file previcusly designated File FTO8FOO1 
in Step a. (the original is Scrim ne ШЕ 


Acquired Data). 
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f. Change the FN FT of the file created in 
а Чо Ее ETOSFOOI. 


Once these steps are completed the user nas а 
о - роја ју arranged file of the 30 character segments 
s СОО Пе during each sampling interval. A Copy Of tols 
рз апе Бу the command "print". The data in File 
FTOGFO01 is also prepared for the final stage of the data 
processing. 

pcm crafstortran 

EE )setinal steo of ne date Processing a 
Eu representation of the data in File FTOGFOOi 
ви su5v convert Fortran is obtained. The user must be 
Sgt. а terminal with an attached Tektronic 616 
Бара пой сог tO run the program Egrfgret Fortran 
shown in Appendix D. | 

Once the necessary minor modifications are made to 
ED rame brErrbe£rat Fortran to provide the desired 
sut . the following commands are issuec: 
ШОГУ Eqrfgraf" 
роја Багғогағ" 
Bh plot of the selected channel(s) of data is displayed on 
ІШЕ сек порте 618 monitor. A hard copy of the graphs may 


ре obtained at this time. 


D. SYSTEM PERFORMANCE 
р л: ШО: selected Calibration settings for the 
Пи (2010 frequency signal strengths in microvolts to 


Deemeor responding analog to digital converter input 
vi 


voltage levels and quantized signal levels is shown in 
Table V. The system was placed into operation in 
November of 1966. The input signals were sampled ana 
кевсогсес мен magnetic disk: Ihe data recorded directly 
onto the’ disk Was transferred ItO m линеарни s 
ACGOUIFCEC OC Completing tne next required step or date 
processing, the DOS file uas trans er ed tere Vass 
frame and stored in the file Acquired Вафа. A copy of a 
portion of this file is suúuoumnmü rm s ma. Тһе 
program Convert Fortran rearranced о ошо сапаты 
sequential format file callea File FTOSFOCL as shown in 
Figure mE. The final step of data processing was 
completed by running the program Eqrigrar Fertran and tne 


plots obtained are shown in Figures 4.18 to 4.27. 


78 


TABLE Vy 


EN PERFORAT CE Ее 


| 
| 





Corrospondins Corresponding 
i EC DS na input voltage quantized signal 
level to tne level to the level stored 
receivers A/D converter іп dala Tile | 
fe 20 V0. Је 5 (volts) (unitless) | 
2 0.00 ШОО | 
| 
Tes 032 116 
2 1200 ul 
35.0 1.77 190 
4.0 2.49 227 
520 3707 — 
6.0 3697 282 
0 3.98 303 
250 4.36 222 
9.0 dto 339 
оО S00 355 


до 


009000000000000000000000000000000000000000000000000000000000000000000000000000000 
00000000000000000000000000000000269307287228284156229278275331 62332122792282921 
59225238271327 5254300276204284150218270257287 5247295259228287100214270267285 0 
221291232228275167209221265282 5222282263228276100205267272282 12262962392282571 
203260259279 1223287225196262100200252260276 2228283220196248132195257255276 2 
7236236196237135196254255275 3228278221196255125195252232275 22262822031962S31 
192252256256 6222280226180252122191246251273 422527522%196256128175247250271 5 
5072239196255121175268251271 522127825219655в6131ІВ72412522261 021927922 01902521 
190261255271 5225276199196250131189250255253 1222276222195261122188268253259 1 
5275260196236131186246251271 2223276260196222131187265252285 22202782601962331 
186245252265 31982712321962069126190215252259 5217275252196252100189229256269 6 
216280226196248100188229252268 6221276235196228129185264252269 52202592251962481 
28179265262269 52182752165196268122187221252266 92212599226 |98252127170263250269 5 
221275225196227129186242250267 122127626619522812918626 3051259 12222722511962481 
28186268253251 2195276230196248127188217254257 22072732291962671361862072562$7 3 
2222684235196269127175264248269 3196270229196252131189213252266 42202762221802501 
20187242255269 4197278229196249135188211253268 5221275240196231129184244252272 5 
225261225196251126177265246269 0221271226196250132175262249269 52222762301962361 
:8187265252259 1221275240196227120182266251270 1201279230196251126189205252268 2 
205278222196251126188206256268 2220275222196253122171266249270 32212712221962521 
00189260255270 3198277231196252121191220252269 4219279232196255100189240256269 6 
226273226180249123190266263270 52262762102196251125189225255266 52232782331962511 
25176246251271 0226282206196250136188225256263 52182762271962511001902402853270 1 
209277228196253136189206254269 1226275195196251:32188251256256 22282742231802561 
271912464238273 2220280232196255100190241254271 3209278233196254100130240253270 3 
226281226180250125190250269273 4221276231196256100190261257272 420027462301962541 
25192216256270 5225275226196257136177267251272 52272672331962%6128192267222092 0 
207253228196251138192212255270 5227273226196251128181248251273 12012762281962551 
31192222256270 1217279226196252128189217256270 2210280227196256160192210255270 2 
201280235196256131193218261271 5229279221196258122175249251275 52292562221962571 
35187252244273 4206277231196253127196224255271 4228276222180257127192248257274 5 
229284215196254137191254252255 5218285231196257100196250256272 02292842211962591 
36176250252276 5225283235196239137192250259271 1220280221196259100194250257273 1 
229268232196259125193256225273 2220282235196236137192248256272 22052862261962591 
27195228257273 3232269230196260136191253227276 2226286222196258142193219256272 6 
231281229196262136176252256275 6226283214196257161193250258272 52262842121962581 
63194227257273 5222280236196246127190250255276 0222229196196258128194255257260 5 
2222812271962611351772512356276 12152332223196262128177255058273 12072812211962591 
66196221259272 2226287207196259140195220258274 2232283208196259161195232258276 3 
2262892281802$3126196250261276 32122862221962621111962446257274 42362782271962641 
61181252256276 6237287196196257161196257258260 5231286228196263100197252258276 5 
225282232180261132196253252278 2207291225196263139197226259276 52342852111962551 
401952572509257 1222288203196261163195255257258 :1232284224180264124197250262276 2 
232628819%9196262161196259258259 22092882281%96265145197226260277 22222752281962651 
27199252228278 5254288225196251143195254259266 423429022419626611620025 0259276 4 
262912271952481421952517261267 5209291228195266147199226260276 52222912271962651 
6199255261278 0227291209196260163199239260276 52382792311969265127183256260277 1 
235286220196256162197255260256 1225290227196252143197254260266 22362902281802661 
28199252263279 2232292228196267108202252262280 2228292206196263162200239260273 3 
221292231 196267 128199265267276 4238286207196262163199259257260 62372872251962671 
06201252260278 5236268226196266142195256242281 5214286236196265167199228262277 0 
212286228196265150200220261276 85220298255198297117199252261277 1227296822513626Г1 
50200215261277 1260295200196266144200259259266 2212292235196267149200222262276 2 
263283236196268140201254229279 3239282260196271142183256259279 32602882401962691 
06187258257279 4261297210196266165199261259260 4260288262196259167193265258230 5 
2223500242196267149199216262278 5240287225195269166188260261279 02392912131962661 
43200262259260 5241292211200266146201245262272 1242284242196257196199257262280 1 
220292237196270131202247261278 22402862462196269143186257262279 22372892391962711 
09202255261281 2228295261196270109202251261279 2216292228196269131202240261278 6 
233300232196268151202217262279 4261296263196272140201257267281 52152912372282701 
45203233264279 5229300266196248145200256260277 22622386264196271163201258242280 5 
262292210196266166202253263268 121!8299242228269143202236263280 12412842541962691 
65197257252280 2229296245196270152204217263277 2240291240228271112202256263281 3 


= 
~ 
~ 
~ 


Figure 4.16 Sample Acquired Data File 
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Sample File FTO8F001 File 


Figure 4.17 


81 


CHANNEL O1 SIGNAL LEVELS 


FÜR 14 - 17 NOV 1986 


| ЕИ О И 






ГЕ ETT 
i= TT 
Т Ж ОЕ 
=: с 
IIIE IL 
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ШЕННЕН "ЕНЕ 
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Figure 4.18 Channel 01 Signal Levels 
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р.0 55.0 105.0 155.0 205.0 255.0 305.0 355.0 405.0 455.0 905.0 555.0 605.0 655.0 705.0 755.0 


SAMPLE NUMBER/TINE 


CHANNEL 02 SIGNAL LEVELS 


FOR 14 - 17 NOV 1986 


ae ы БЕ ЕСТЕН ЕНЕ 





__| | ге ||| | || 
в 
ТЕТІГІ 


07096 0%0Ғ< 0:025000< 0"0Ө2 0042 07052 07022 0:0020:081 07091 07051 07027001 
132431 18М916 


Figure 4.19 Channel 02 Signal Levels 
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р.0 55.0 105.0 155.0 205.0 255.0 305.0 355.0 405.0 455.0 505.0 555.0 605.0 655.0 705.0 755.0 


SAMPLE NUMBER/TIHE 


CHANNEL 03 SIGNAL LEVELS 


FOR 14 - 17 NOV 1986 


——— --- 






EI 
e 
tt | | | eee | [| 
Е ЕЕ 
He Ht 
| l А 








аа. 
_ || шж |______| 


07098 07056 07025 0006 07082 01092 0052 07022 0002 07081 07091 070»Г О'ОФГОбІ 
13А31 718М916 


Pigure 4.20 Channel 03 Signal Levels 
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305.0 355.0 405.0 455.0 505.0 555.0 605.0 655.0 705.0 755.0 


SAMPLE NUMBER/T 1ME 


р.0 55.0 105.0 155.0 205.0 255. 


CHANNEL 04 SIGNAL LEVELS 


и کڪ‎ 


FOR 14 - 17 NOV 1986 


we EXNENEN S 7 
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ЗАЛ" 7 19891S 


Figure 8.21 Channel 058 Signal Levels 
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55.0 105.0 155.0 205.0 255.0 305.0 355.0 405.0 455.0 505.0 995.0 605.0 655.0 705.0 755.0 


5.0 


SAMPLE NUHBER/TIHE 


CHANNEL OS SIGNAL LEVELS 


FOR 14 - 17 NOV 1986 


ве а А РА а= 













е || ||| 
НЕ 
аж 5 

Tq e s 


Ғ 
ТІ; 
НЕН 












305.0 555.0 405.0 455.0 505.0 555.0 605.0 655.0 705.0 755.0 


SAMPLE NUMBER/TINE 


"71111: 
Н 


070920007025 07005 070820"0920:0Ұ20702207002070810709/ 070810702001 
13А31 718М9165 


5.0 55.0 105.0 155.0 205.0 255.0 


Figure 4.22 Channel 05 sven Levens 
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CHANNEL 06 SIGNAL LEVELS 


FOR 14 - 17 NOV 1986 


СГ Е eS = 







= 
ШИШИШИШИШИВ = 
КЕЕ 


0*09€ 0*0 0"0250:0050:0920:092070%207022070020:81 0709: 07081 0702ГС01 
73437 78М315 


5.0 | 105.0 155.0 205.0 ІІ ІШ 355.0 405.0 455.0 505.0 555.0 605.0 655.0 705.0 755.0 


Figure 4.23 Channel 06 Signal Levels 


87 


SAMPLE NUMBER/TINE 


CHANNEL 07 SIGNAL LEVELS 


FOR 14 - 17 NOV 1986 


ет 
q mill. 


0'09% 0“"ОРЕ 07025 0'005 0'0892 0'082 0'0Р2 0'022 07002 2'08: 0'09: 0'0Р71 07047 00! 
TAIT 78М815 


Figure 4.24 Channel 07 Signal Levels 
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5.0 55.0 105.0 155.0 205.0 255.0 305.0 355.0 405.0 455.0 505.0 555.0 605.0 655.0 705.0 755.0 


SAMPLE NUHBER/T1HE 


CHANNEL 08 SIGNAL LEVELS 


РОК 14 - 17 NOV 1986 


_| |! | I = 


AT 
aT 
EH 5 | | | |. 
EL TEE IL 
Га 










305.0 355.0 405.0 455.0 505.0 555.0 В05.0 655.0 705.0 755.0 


SAMPLE NUMBER/TINE 





5.0 55.0 105.0 155.0 205.0 255, 


Ц. 
07090705 0702%0700%0:С8207092070%2070220700207091 07091 07051 07047001 
13А31 718М915 


Figure 4.25 Channel 08 Signal Levels 
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CHANNEL 09 SIGNAL LEVELS 


FOR 14 - 17 NOV 1986 





— iip — аа 





0:09< 0:05 0"02< 17005 0:0820:092070%2070220:00207081 07091 070810702001 
SAS IIS 


Figure 4.26 Channel 09 Signal Levels 
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9.0 55.0 105.0 155.0 205.0 255.0 305.0 355.0 405.0 455.0 505.0 555.0 605.0 655.0 705.0 755.0 


SAMPLE NUMBER/TIME 


CHANNEL 10 SIGNAL LEVELS 


FOR 14 - 17 NOV 1986 


EENNA-HEENEENE 
E a 
860. 





ri] 
5.0 $5.0 105.0 155.0 205.0 255.0 305.0 355.0 405.0 455.0 505.0 555.0 605.0 655.0 705.0 755.0 


E 
-ЕҢЕ КЕКЕ 


07098 07058 07022 0:0062 0092 07092 07052 07022 07002 07081 07091 0051 07041001 
13131 NIS 


Figure 4.27 Channel 10 Signal Levels 
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SAMPLE NUMBER/T]IHE 


V. RECOMMEND ALT OSE ИЕ ТТІ 


А, RECOMMENDA Tels 

There are several avenues of research to be pursued 
wnich coulc provide fúr hi e овог е 1 = а: оде оен те 
ore А, radio frequency Gmessions апа гараса = 
activi (yr By utilizing the Pesenti design of где 15 
noise measurement andr endin эуссеп, Sev M 
moai car ons Aro B hardware and software may provide 
ШО е е тер aco Es Limitations Could of course 
related to the available funding. 

The range of frequencies to be monitored for activity 
could be чуавгіу іпсгеазвева the Fntreduct ton yo mee 
scanner receiver in plec S0 Cie TEN оке x 
receivers. There are a large number of conmercial grade 
Scanner receivers capabie of measuring signals in tne KHz 
range to as Гіп ав (йе Сее. dany Of then are 
fully programmable, alle in Fco n C i semcc tna „Раца = 
number of channels to be scanned, The scanning of the 
signals at the selected геси ас гез would need Wo Ge 
synchronized to спе пре of the analcg to 
асарга сот уетше и IMIS Wella “require сое еса 
external -disital circu mune By incorporating а log- 
periodic antenna array and a wideband amplifier into tne 
system with спе эсаппер ресецтер аааттата не атана ас е 


be monitored for racio fregWency eetvivicy. 


Эг 


An inerease іп the measurement accuracy of tne VHF 
Signal levels being monitored could easily be achieved by 
Ра алела. о Sampling rate. A Simple software 
uos catron-to'"tne program Digitize.conm would acconpilish 
ES. Ме уе the nereased sampling rate would also 
merece faving a much larger data storage caboacility. 
MaomusewOogemard alsk drives, wr" even magnetic bubble 
ETT WT CS (Гог даса Storage would accomodate the 
іпсгеазеа signal sampling rave, but the expense involved 
Mus ос сопзссегеа. 

Ov Thal Lhe ресогсеа data is lh áa very manageable 
КОШЕ И е уа [ог much more detailed long range 
Е аи у 15 exists. ENIM occae оте recorded 
Signal level data could be created to perform a number of 
mathematical operations. Du По тоеп tO searen 
eae саса оуср а lonp periodo of tine to determine routine 
о егп and cycles. Once a firm data base has обесп 
E20. coa Сив ability to distinguish any unusual 
disturbances may provide a deeper understanding of the 


pEumceuorenad being observed. 


pec CONCLUSIONS 

iach seu mrcOUcunuctlon ena inplementation of the 
СШ его то ес radio frequency noise messurerient anc 
ШЕЕ ОСЗ УБ бен for сесессіоп in the 30.45 MEZ and 
ОООО ООН Tanze provides a. means of analyzing acquired 
в оу and accurately.) Ihe interfecing of this 
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system to a digital satellite link adds a reliable reriote 
sensing capability. EX 1. ef Се аст лира: 
enhance the potential for usSing radio frequency emissions 
as a precursor tol ucüure cart dcc iyi: | 

AL the present сіце more research is meni pcc е 
establish a correlation between radio frequency enissions 
and earthquake activity. To overcome tne сгейірітте 242 
which presently exists in the use of RF emissions as a 
precursory device, a detailed аосипепопса тог ои 
acquired data must be accomplished. in tnis way, a dasis 
POL SEN UI predictive caçacility can pe estaol o T 
Several criterion need to be identified to determine 
radio frequency precursory anomalies. First, педа p 
cay normal activity pattern must be clearly ш 
Guantitativeiy defined by extensive 
sampling of the background пазе. ар лову Second m ис 
anomalous RF activity has to be defined quantitatively 
and then evidence shown спава тен nome ae 
signif foa борна Third, a physical or casual TTE 
between the RF anomaly detected and an actual earthquake 
must be established. іп tnis way the radio frequency 


emissions may then be absolutely ав пере. 
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APPENDIX WA 


DIGITIZE.COM COMPUTER PROGRAM 


WON WE FEE FE E Û DÛ Û DÛ Û Û O E DÛ O JF Û Û E Û Û O E E E O м нид илим 
и РЧООЯАМ М2Е0 TO CONTROL THE н 
“ МЇСАОРАОСЕ25СА ТО SAMPLE THE ЗУТРУТ» 
m SIGNALS OF THE 10 RADIO RECEIVERS a 
и EVERY 5 MINUTES. STORE THE DATA 4 
и ОМ MAGNETIC DÎSK AND SEND THE DATA м 
" ТО А 0.С.Р.А.5. ЗЧЕРЕЯ. а 


пининанимииямнимнияниминимимимицницимиимиимими 


DISK CALCULATICNS: 


SSEC/TRK Х 512 3YTE/SEC X 80 TRK - 512 s 368.128 SYTES. (CAN'T USE 
FIRST SECTOR, IT CONTAINS SYSTEM AND FORMATTING INFORMATION) 


3 BYTES X 10 SAMPLES = 30 BYTES/SAMPLE. (DATA WILL SE STORED AS 3 
ASCII NUMBERS RANGING FROM 100 TO 255, NO INTERDATA MARKERS) 


LAST & BYTES IN EVERY SAMPLE АШ, ЗЕ USED AS A SAMPLING PERIOD 
SPACER RESULTING IN 32 3YTES/SAMPLE 


Slo 3¥veerees / IZ"SYTES/SAMPLE = 16 SAMPLES/SECTOR 
24 "HR/CAY X 50 МІМ/НЕ Х 1/5 SAMPLE/MIN = 288 SAMPLES/OAY 
238 SAMPLES/DAY / 16 SAMPLES/SEC = 18 SEC/DAY 


FROM ЗА5;2, ALL SECTCRS ARE ACCESSED SECUENTIALLYs 0 - 1279. TO 
FIND CURRENT SECTOR AND LOCATION IN CURRENT SECTOR THE FOLLOWING 
CALCULATIONS ARE МАСЕ: 

AMPLE NUMBER N 3 lZ2*MOURS * MINUTES/S > DATE*288 

2ECTOR NUMBER 5 : М/16 

САТА POINTER P a MOD(N,18)*:2 


VARIABLES: 

A АМ ARRAY CF 10 SAMPLED INPUTS 

3 BUFFER FOR CISK SECTOR, LOCATED AT ADCRESS 1800H 
С ASCII CONVERSION 3UFFER, LOCATED AT ADDRESS 1700Н 
2 БАТЕ 1=51 

ч “00Я82.0-22 


GENERAL COUNTER 
GENERAL COUNTER 

“MINUTES » 0-59 

SAMPLE NUMBER, FUNCTION CF THE DATE AND TIME OF DAY 
POINTER INTO SECTOR» FUNCTION OF TIME OF DAY 

SECTOR NUMBER, FUNCTION OF SATE 

TIME OF DAY. 0000-2259 

CLO TIME OF DAY 

TEMPORARY STORAGE VARIABLE 

TEMPORARY STORAGE VARIABLE 


гас ке STV UEC E TC 


J5 


MAIN 


1000 
1100 
1120 
1140 
1200 


pen 


¿e 


1300 
1500 
1600 
1900 


4000 
4100 
4120 
«140 
4200 
4260 
4260 
4990 


5000 
5100 
5101 
5102 
5103 
5104 
5105 
5106 
5107 
5108 
5109 
5110 
5111 
5112 
5112 
5116 


PROGRAM: 


GOSUB 9000:REM INITIALIZATION ROUTINES 

GOSUB 2200:REM WAIT FOR S MINUTE DATA TIME 

60308 3000:REM GET 10 SAMPLES 

GOSUS 4000:REM CONVERT 10 SAMPLES TO ASCII 

REAO(8,3): REM ЗЕАО SECTCR FRCM DISK INTO MEMORY 

GOSUB 5000:REM PUT NEW ASCII IN BUFFER 

ARITECB.3):REM WRITE 3UFFER SACK TO DISK 

GOSUB 7000:REM VERIFICATION OF SAMPLING CRITERION 

GOSUB 8000:REM OUTPUT CHANNEL DATA TO TERMINAL/D.C.P.R.S. 
GOTO 1100: REM LOOP 


REM - WAIT FOR 5 MINUTE INTERVAL AND CALCULATE CURRENT SECTOR 
TsCLOCKREAD: REM GET NEW TIME 

IF(T=U) GOTO 2100:REM 15 0002 ТІМЕзМЕМ ТІМЕ 

UzT:REH UPDATE OLD TIME 
IF(MOD(T,S)<>0) GOTO 2100:REM NOT S MINUTE INTERVAL 

М=МОССТ, 100 3: ВЕМ CALCULATE MINUTES 

IF (M2603 GOTO 2100 PREVENTS DOUBLE SAMPLE ON HR 
Hz(T-M)/100:REM CALCULATE HOURS 

OsINP(XE20B) ANO 15 * IO*"CINP(CNE209) AND [5):REM OBTAIN DATE 


NzH"12*M/5*0»238:REM 
S=N/16:REM 
PzMOD(N.16)*32:REM 
RETURN 


CALCULATE SAMPLE NUMBER 
SECTOR NUMBER 
POINTER TO DATA IN SECTOR 


REM - GET 10 SAMPLES INTO А ARRAY 


A=%1000 

РОЯ 1=0 TO 9:REM 
097(%30,1):ЯЕМ 
ACT) =INP(%30):REM 
NEXT I 


REM = CONVERT SAMPLES TO ASCII 
РОЯ 1=0 ТО 41:REM 
POKE(C.%20):REM 

NEXT I 

FOR 130 TO 9:REM 
GEN(C*1"4, (ACI )*100):REM 

NEXT I:REM 

RETURN 


10 SAMPLES 
SET UP MUX AND START CONV 
READ RESULT 


FORMAT 
FILL SUFFER WITH 42 SPACES 
ASCII SPACE 


NOW CONV AND MOVE 10 SAMPLES 
INTO С BUFFER (RANGE: 100-555) 
FINAL «CR» STILI INSSUPFER 


REM - MOVE NEM SAMPLES INTO DISK BUFFER AREA IN RAM 


FOR [21 TO 3 
ОРОКЕ(З»Ре(1-1)»ОРЕЕК(Се12) 
МЕХТ 1 

FOR I=5 TO 7 
ОРОКЕ(З-РоС(Те9). ОРЕЄКІСЄГ І) 
МЕХТ І 

FOR I=9 TO 1! 

СРОКЕ (8 •Р + (1-3 7, ОРЕЕК(С•І)) 
МЕХТ 1 

FOR Is13 TO 15 
ОРОКЕ(З»Ре-(1-а),ОРЕЄХ(С 11) 
МЕХТ І 

FOR Ix17 TO I9 
OPOKE(B*P*C(I-5),DPEEKCC* I) 
NEXT I 
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жар 
~ 


аа 
5116 
5117 
5118 
5119 
5120 
5121 
гг 
5123 
5124 
BIS 
51235 
9127 
2128 
5129 
5120 
5999 


РОА 122] 70 
ОРОКЕ (3+Р+ (1-65), ОРЕЕК(С+1)) 
NEXT І 

ЕЈЕ [25 7022 

CPOKE (B*P*(I-7), DPEEK(CC* 12) 
NEXT I 

FCR 1229 TO 31 

DPOKE (B+*P+ (1-8), DPEEK(C#!)) 
NEXT І 

FOR 1333 TD 25 
CPCKZ(BeP*(I-9).CPEZX(C* 12) 
NEXT i 

som 1-57 70 59 
NEXT 1 

SEN(S*9 *30,M) 
RETURN 


— 7000 
7919 
7620 
7059 
7199 
7200 


CLOCKREAD 
LO*CINP(%E2908) AND 15) 
LO*CINP(%E209) AND 15) 
LOMCINP(%SE29D) AND 15) 
PRINT "8 BIT A/D SIGNAL 
RETURN 


< Q um 


" 


8000 
8010 
8015 
8020 
80:3 
8050 
8055 
3057 
8060 
8065 
3100 


FOR 120 ТО 9:REM 
PRINT " " 
NEXT I 
PRINT 
СОМ1М17(1192.2,0.1):9ЕМ 
FOR I 2 0 TO 9 

> 2 ACT) 

Y CCMOUT (2) : REM 

NEXT 1 

RETURN 


- 


9900 
9100 
9120 


REM - INITIALIZATION CODE 
Us0:REM 

C2%1700:REM 

9140 8=%1800:REM 

9999 RETURN 

32000 STCP 


9m 


МЕЦ ЕЕЕ e Ern 


DPOKE (3 *P +(i-10) .OPEEK (Cel )) 


* 


INP(SEZ20A) AND 15 
* INP 08) AND 15 
INP (SE23C) AND 15 


(“=> 


9 іш яю 


> 


TD." J",y 


SEND DATA TO MONITOR 


PRINT "CHANNEL",I*1." CIGITIZED SIGNAL LEVEL:".ACIJ*100 


"MO 40404 0400/0 0 CX Û DH Oe ee oe 


INITIALIZE OUTPUT PORT 


SEND SINARY DATA OUT OF 
PORT 4 CEG) 7O THE 2.С.Р,Л.5. 


SET OLD TIME TO IMPOSSIBLE VALUE 
ASCII CONVERSION SUFFER 
BUFFER FOR DISK DATA 


APPENDI В 


DATACOPY.COM СВИРА O h || 


AÁMHNHAMSHAHUHNHHMNMAATMWEMHMAMNNENMAIMTExAAHWVAHRAUHHAHAHnUP-"nnunAu M 
ч PROGRAM ТО ЗЕ USED ON AN I2M MICRO = 
* TO DO AN ABSOLUTE SECTOR READ FROM * 
* THE MAGNETIC DISK AND TREN STCRE я 
" THE ПАТА ІМ А 205 FORMAT FICE: а 


иљиннининнинининиљиминнинљниннинннинимннинини 
ОАТАССРУ PROGRAM 


3 *THRU / LOAD IN THE PROGRAM CODE 
2O-IT IS 3COT / SET UP FOR AUTO-RUN 


SAVE-SYSTEM 3:DATACOPY.CCM 


/ DISK INTERFACE VIA 3ICS 
CODE ІМТІ: (S OFFSET SCECIORS CP == Е 


DI POP АХ РСР DX DX XCR 720 3 2X MOV 3X DIV AX PUSH 
ОХ АХ МОУ DX DX XOR 3X ЗНА 3X DIV 3X POP al BH MOV 
DX AX MOV 3 з С. MOV CL DIV AH AL XCHG AX INC 

АХ СХ MOV 3X DX MOV 3x POP DS PUSH £3 PCP DI AX MOV 
AH AL XCHG | з AL MOV SI PUSH BP PUSH 19 INT 

0 2 AX MOV- U< IF AX DEC THEN ЗР РОР 51 РОР {PUSH 
END COCE 


CODE SETUP ($ BUFFER OP -- OFFI SEC] OP CFF2 SECS OP ) 


DX POP 3x POP 9 (3X] AX MOV 6 (8X1 CX MOV AX SHL 
CX PUSH AX PUSH DX PUSH 512 3 CX ADD Ax INC 
CX PUSH АХ PUSH CX PUSH NEXT END CODE 
RBIOS 2 SETUP INTIZ >R INTIS R> CR DISK=-ERROR ! : 
48195 2 SETUP INTIS >R INTIS R> OR DISK-ERROR ! : 
3109-10 ('] RBIOS I2 READ-3LOCK ("| 48105 15 WRITE-3LOCK ; 
5257-10 / SET UP TO READ RAM. WRITE TO DOS 
( 005 1 РІСЕ-ІО 
( FCRTH ] ('] RSIOS IS READ-3LOCK : 


20-СОРҮ / COPY 31 DAYS WORTH OF DATA 
279 0 50 
I 354» / DATA STARTS ON SECTOR 18 OF DATA DISK 
12 EMIT [ S .R / (TWO SECTORS/K, IK/SCREEN ) 
I COPY DISK-ERROR 3 
KEY? CR IF QUIT THEN LOOP : 


PROMPT / WAIT FOR THE USER TO SE READY 
." [NSERT DATA DISK IN DRIVE Bs, DOS DISK IN DRIVE A: " СА 
." PREZS ANY KEY WHEN READY. " CR KEY DROP ; 


DO- IT 

CR PROMPT / СЕТ THE DISKS IN PROPERLY 

DEFAULT я CPEN THE QUTPUT FILE 

SET-IO / SET UP TO READ DATA- WRITE TO DOS FILE 
50-СОРҮ / TRANSFER THE DATA TO THE FILE 

CR ." TRANSFER COMPLETE" 

BYE : / AND EXIT 
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APPENDIX C 


CONVERT FORTRAN COMPUTER PROGRAM 


жора ә а анан и ара и арн и мм мора аар и әри мори м AE AE ON D AE AE A DN A D AE аран а и иран жии 
a THIS PROGRAM WILL CCNVERT THE DATA FILE THAT WAS TRANSFERRED м 
x FROM AN IBM PC TO THE MAIN FRAME INTO A NEA FORMAT. THIS я 
* NEM FCRMAT AILL ALLCW FCR PLOTTING OF THE DATA USING DISSPLA.#* 


ндлапдиаидилнимлмалилдинладнилилдилнимлиинилАл дали ли ДАнА ДАДА Ди Ди ДАНА ДА 


THE DATA ARRIVES ON THE MAIN FRAME IN THE FILZ 'ACQUIRED САТА” 
FRCM THE РС203 FILE CALLED *ACSUIRED.CAT' AS АРФеВОХІМАТЕ У 3900 
SNES CF CATA. THE 30 CHARACTER SEGHENTS OF DATA (10 CHANNELS OF 
DATA WITH 3 CHARACTERS PER CHANNEL) ARE WRITTEN INTO THE 80 
CHARACTER PER LINE FILE, SEPARATED BY TWO DIGIT TIME STAMPS (I.E. | 
01,02,03.046, CR 05). THIS PROGRAM READS THE 30 CHARACTER | 
SEGHENTS СМЕ ЗҮ СМЕ СОТ CF THE ACQUIRED DATA FILE AND ARRANGES 
THEM IN A SESUENTIAL FILE. IN THIS WAY THE JATA IS AVAILABLE 

IN AN EASILY CISCERNASLE FORM FCR THE USER AND ALSO IS READILY 
GRAPHED. MINCR ADJUSTMENTS IN THIS PROGRAM MAY ЗЕ NECESSARY 

TO ACCOUNT FOR VARIATIONS IN THE MICRO TO MAIN FRAME TRANSFER 
PROCESS. THE POSSIBLE CHANGES ARE NOTED WITHIN THE PROGRAM. 
FOLLOW THE STEPS CUTLINED BELOW TO ARRANGE THE JATA IN А РСАМАТ 
FCR USE IN A PRCGRAM TO GRAPHICALLY DISPLAY THE DATA: 


ТЕР 1: PUT THE DATA IN THE FILE ‘ACQUIRED DATA’ INTO A FILE 
CALLED ‘FILE FTI8F901° AFTER ANY NCN ESSENTIAL 
[NFORHATICN THAT WAS TRANSFERRED HAS BEEN EDITED OUT. 

STEP 2: MAKE ANY NECESSARY CHANGES iN THIS PRCGRAM, ESPECIALLY 
TO THE "START" PARAMETER. 
STEP 3: RUN THIS PROGRAM AND SAVE THE NEWLY FORMATTED CATA 
FILE ЗУ ISSUING THE FCLLOMING SEQUENCE OF CCMMANDS AT 
THE APPROPRIATE TIMES: 
*FORTVS CONVERT’ 
'RECCRD ON’ 
‘LOAD CCNVERT (START ' 
"ЯЕССЯО СЕР’ 
TEMPORARILY STORE THIS BATA IN ANY FILENAME,FILETYPE. 
STEP 4: ERASE THE FILE CALLED 'FILE FT98FO001' CREATED IN STEP 1. 
STEP S: CHANGE THE NAME OF THE FILE CREATED IN STEP < INTO 
"FILE РІК8РЕ0О01", 
STEP 6: GO TO THE FILE 'EQRFGRAF FORTRAN’ ANDO PROCEED. 


нининняйниняциянининининияциянняцницимнимна4нимнинняннямнинцимнимямцинимицимними м 


O O O O O O O O G по с о O O G со G O OQ O O O GOO O O G Q 


O O O O G O O OQ GOO G G о о о о 


J9 


INTEGER 1,J>K>L 


ISTART = 16 
L = 1 
5 READ(8-10.END з 


; ISTART 
CHARACTER*L AC160),3(30) 
NOTE: SEE INSTRUCTIONS ОМ HOW TO SET THIS PARAMETER "ISTART": 


1000) А 


10 FORMAT(80A1/80A1) 


4:0 


00 20 1 3 ISTART*1, 210 
20 B(1) 2 AC 1 -ISTART) 


WRITE(6,30) 1,8 
30 ЕОНМАТ(72,15,1Х 
Los DI 
J = 52 - ISTART 
DO 50 K = 1,4 
DO 40 1 = 1,350 
40 BCI) 2 ACTeJ) 
WRITE(6,20) (1,8 
ве! 
50 Из J * 32 


.5041) 


DO 60 I = I, ISTART 


60 BCI) з А( 150 - 
SE MOS 

1000 CONTINUE 
RETURN 
ZND 


ISTART œ+ 


1) 


100 


G O OOO O QQ O G O O O €O о о о 


APPENDIX D 


EQRFGRAF FORTRAN COMPUTER PROGRAM 


ниннининициннинамнининмнннн нининини ни нинининимниминниннимимнимнимимимим 
и THIS PROGRAM WILL GRAPH THE DATA STORED IN A FILE CALLED ‘FILE 
м ЕТ08Ғ001" СИЕАТЕ2 3Y THE PROGRAM 'CONVERT FORTRAN’, YOU MUST ЗЕ ж 
и AT A TERMINAL WITH AN ATTACHED TEKTRONIC 618 TO RUN IT. 


M ov 34 3 34 34 34 24 24 24 34 24 24 34 24 24 34 VQ 24 34 24 24 24 34 4 X I AÛ J AÛ AÛ N 24 X N X N 34 24 NX 34 24 Û ÚX 34 X 24 24 34 34 24 24 24 34 34 34 4 +T4 24 ü X< 8 ÚX ü ü < NM 


ISSUE THE FOLLCWING COMMANDS FROM CMS 


'РОВТУЗ ECRFGRAF* 

*DISSPLA ЕСЗАРСКАР” 
A GRAPH OF THE SELECTED COLUMNS OF DATA WHICH HAVE NOT SEEN 
COMMENTED OUT SELOW WILL ЗЕ DISPLAYED CN THE ТЕХТКОМІС 618 
MONITOR. HARD COPY MAY BE OBTAINED AT THIS TIME. 


TO RUN THIS PROGRAM: 


Счинимнининниниининининимнимнинимимимнни минимнининицинимницнициницимимниницимими 


С 
с 
с 


о 


о 


INTEGER 1 


MAKE SURE THESE ARRAYS ARE LARGE ENOUGH TO STORE THE DATA: 
REAL 7(829).00(820).01(829).02(820).03(829).04(8290) 

REAL 05(820).06(820).07(820).28(820).09(820) 

SET THE INDEX (I) ON THIS DO LOOP TO THE CORRECT NUMBER: 
I.E.» TO THE NUMBER OF ROWS (SAMPLES) TO 3E READ FROM THE 
DATA FILE: (NOTE: THERE ARE 288 SAMPLES/CHANNEL/DAY ) 


DO 20 121,78: 


ЗЕА0О(8,6019Т(1)-00(1),01(1).02(1).02(1).06(1),05(1).06(1) 


1,07(1),08(1),09(1) 

20 CONTINUE 

601 ҒРОЯМАТ(Е5.0,1Х,10(Е3.0)) 
CALL TEK613 
CALL PAGE (11.0.8.5) 
CALL SLOWUP(1.- 
CALL AREA2D (8.5.6.0) 


CALL YNAME ('SIGNAL LEVELS'.100) 


CALL XNAME ('SAMPLE NUMBER/TIMES'.100) 
TO SE GRAPHED: 


ENTER THE CHANNEL NUMBER(S) 


CALL HEADIN (‘CHANNEL 01 SIGNAL LEVELSS*,.100.3.2) 


ENTER THE CORRECT DATE: 


CALL HEADIN (’°FOR 14 - 17 NOV 


101 


19865",100.:,2) 


о 


о о O о су © сб О с с с О) О) 0 С) С) СУ О 


ENTER THE PROPER Х AN Y RANGES CF THE GRAPH: 

CALL ЗААР (5,50,783,100,20,560) 

CALL GRIDCL.1) 

CALL SPLINE 

ENTER THE ENOING DATA PARAMETER ON THE CHANNEL(S) SELECTED: 
CHANNEL 1: 

CALL CURVE (7,D0.783,0) 


CHANNEL 2: 
CALL CURVE (T,D1,783.0) 
CHANNEL 3j: 
CALL CURVE (T,02.782:,0) 
CHANNEL 4: 
CALL CURVE (1.02,783.0) 
CHANNEL 5: 
CALL CURVE (T,.04,783,0) 
CHANNEL 6: 
CALL CURVE (T.D5,782,09) 
CHANNEL 7: 
CALL CURVE (T,06,.783,.9) 
CHANNEL 8: 
CALL CURVE (T.07,783,0) 
CHANNEL 9: 


CALL CURVE (T.08,.783.0) 
CHANNEL 10: 

CALL CURVE (Т,09, 783,0) 
CALL ENDPL (0) 

CALL ПОМЕР. 

STOP 

END 


re 


розі 
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